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Abstract 
Integration process, harmonisation of bank legislation and mutual economic interdependence among European countries 
contribute to similar evolution of several financial indicators in the European Union. Current financial and economic crisis 
has revealed that some indicators evolved similarly only in short run and their symmetry among countries was not justified. 
This was the case of e.g. bond interest rates. However, we supposed that interbank interest rates reflected mutual 
transmission among the V4 countries and the European Union in long run and that this symmetry was not shattered by 
crisis. This assumption has not been completely confirmed. Nevertheless, we have confirmed transmission effect in pre-
crisis period and significant impact of EURIBOR on local interbank rates. The paper was elaborated within the project 
VEGA 1/0973/11. 
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1. Introduction 
The monetary policy is based on several transmission mechanisms by which changes in the settings of 
monetary policy instruments lead to targeted macroeconomic result (the most often inflation). The first step in 
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the transmission mechanism is a change of the monetary policy instrument setting. This implies a change in the 
intermediary objectives, e.g. banking markets.  
The change on these markets in turn leads to modifications in the field of final goals such as inflation. The 
transmission mechanism acts through several channels simultaneously. Here, we will focus on the interest rate 
channel of the transmission mechanism. An increase or decrease in a base rate leads first to an increase or 
decrease of interest rates in interbank markets. This in turn motivates banks to raise or lower their rates on 
credits and deposits. Changed interest rates will restrain or stimulate investments, aggregate demand and will 
finally weaken or strengthen inflation pressures. Consequently, the reaction of interbank rates to monetary 
policy base rate is very important for final objective result. However, we suppose that interbank interest rates do 
not respond only to monetary policy measurements in a given country but react also to interbank rates in 
foreign countries. This interdependence among interbank rates is influenced by integration process at 
macroeconomic level, by harmonisation of financial market and banking legislation, by capital interconnection 
of banking sector throughout the European Monetary Union (Pavliková et al., 2012) and the world as a whole, 
etc. Therefore we can observe certain symmetry of interest rates evolution in financial markets. However, some 
symmetry does not have to be justified by economic fundamentals and is rather implied by political 
background. This is the case of bond interest rates in the European Union. Debt and financial crisis revealed 
that their setting at almost the same level from 1998 to 2008 was incorrect (Micossi, 2012).  
Our research takes into account interest rate theories summarised e.g. by Revenda (2005) or Polouþek 
(2010). It respects principles of Dornbush model (Dornbush, 1976) according to which nominal variables such 
as interest and exchange rates respond more quickly to money supply than prices and wages. Arghyrou et al. 
(2009) study real interest rate convergence in European countries. Heryán and Stavárek (2010) study 
relationship between interbank interest rates and corporate loan rates in the European Union. Their 
cointegration methodology and Granger causality testing detect different relations in particular countries. 
Frankel et al. (2004) explore impact of exchange rate regime on sensitivity of local interest rates to international 
ones. They apply dynamic estimation on the large sample of developing and industrialised economies during 
1970-1999. In the long run they cannot reject an evident transmission of international interest rates. Interest 
rates of the countries with rather flexible regimes respond more slowly to changes in international rates.    
Objective of the paper is to analyse behaviour of interbank interest rates in the V4 country, their mutual 
interdependence and response to the European Monetary Union interbank interest rate EURIBOR. We assume 
that EURIBOR has a key role in the V4 group due to important bank capital and external trade flows from the 
euro area to this central European region (Borys, Zemþík, 2011).  
2. Methodology and Data  
2.1. Methodology 
Research methodology of the paper is based on the vector error correction model estimation. This procedure 
enables us to determine long and short term equilibrium among interbank interest rates in the Visegrad 
countries and the euro area. The vector error correction model analyses interdependence of observed time series 
taking into account lagged values. This fact allows us to research links among variables more comprehensively. 
Nevertheless, this type of models requires stationarity testing. The vector error correction model combines two 
types of variables; non-stationary level (long-run) values and stationary first differences (short-run) values. A 
non-stationary time series, e.g. under the form of a random walk with a drift 
ttt uyy ++= −10β   (1) 
can become stationary after first difference calculation 
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ttttt uyLyyy +=−=−=Δ − 01 )1( β   (2) 
were L is a lag operator. If yt comprises one unit root (order 1), first differences will eliminate non-
stationarity problem. If yt comprises two unit roots (order 2), second differences are needed 
)0(~),1(~),2(~)1( 2212 IyIyIyuyyyyL tttttttt ΔΔ=Δ=Δ−Δ=− −  (3) 
Unit root testing can be realised using several approaches, e.g. the Augmented Dickey Fuller (ADF), Elliot-
Rothenberg-Stock DF-GLS or Phillips–Perron tests. A standard Augmented Dickey Fuller and Phillips–Perron 
tests are performed in the research as recommended by Dolado et al. (1990).  
Consequently, cointegration process can be carried out. Presence of cointegration among variables can be 
tested through Engel-Granger, Johansen or Johansen and Juselius procedures. Johansen or Johansen and 
Juselius concepts allow us to research several time series simultaneously. We have decided to perform 
Johansen Trace Test. Johansen Trace test determines number of equilibrium cointegration equations and 
eventual presence of trends and/or constants. 
Finally, the vector error correction model is applied to reveal the structural shocks from the residuals. The 
Cholesky decomposition was chosen to display the residual variance-covariance matrix where the correct 
ordering of the variables is crucial. 
 
N.B.: Interbank interest rates in Poland – WIBOR, the Czech Republic – PRIBOR, the euro area – EURIBOR, Hungary – BUBOR and Slovakia - BRIBOR 
Fig. 1. Interbank interest rates evolution (1997-2012) 
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2.2. Data 
The paper evaluates mutual interdependence of interbank interest rates in the V4 countries, i.e. BUBOR 
(Hungary), BRIBOR (Slovakia), PRIBOR (Czech Republic) and WIBOR (Poland). We suppose that evolution 
of these rates can be relevantly influenced by behaviour of EURIBOR (euro area). Evolution of these rates is 
depicted in Fig. 1. Data are retrieved from the national central banks (CNB), (MNB), (NBP) and (NBS) and the 
European Central Bank (ECB) and they cover period from January 1997 to December 2012 but Slovakia. 
Slovak BRIBOR is presented only from January 1997 to December 2008 as Slovakia adopted euro in January 
2009 and since that time EURIBOR became its interbank interest rate. Since 1997 to 2008 we have 140 
observations. Since 1997 to 2012 we work with 188 observations. Descriptive statistics of the data is captured 
in Tab. 1. 
Tab. 1 Descriptive statistics of interbank interest rates 
 BRIBOR BUBOR EURIBOR PRIBOR WIBOR 
Mean 9.212025 11.32149 3.490585 5.612800 11.34910 
Median 6.385000 10.19300 3.465550 3.998977 6.890000 
Maximum 28.55000 22.09545 5.113100 25.98524 26.50000 
Minimum 2.290000 5.779500 2.028800 1.750909 4.130000 
Standard deviation 6.832265 4.369553 0.967986 4.715359 7.099076 
Skewness 1.323426 0.925423 -0.081120 1.796241 0.666225 
Kurtosis 3.580767 2.778305 1.673024 5.717123 1.984558 
Jarque-Bera 
[Probability] 
44.05869*** 
[0.000000] 
20.84866*** 
[0.000030] 
10.72313*** 
[0.004694] 
121.7321*** 
[0.000000] 
16.83926*** 
[0.000220] 
As expected, fluctuations of the V4 rates, i.e. countries in transition, are higher than fluctuations of 
EURIBOR. E.g. the PRIBOR´s minimum is 1.75 and its maximum is 25.98. Values of skewness approach to 
zero mostly in the case of EURIBOR, thus distribution of the rates is more symmetric than in the case of the V4 
countries.   
Evolution of the rates in the V4 has a similar character. Behaviour of PRIBOR is marked by the Czech 
currency crises in 1997 when PRIBOR increased abruptly (Yilmazkuday, 2009). Neighbouring countries were 
at least indirectly touched by the crisis and similar trends in interbank rates, e.g. Slovak BRIBOR was not 
quoted during several months.  However, EURIBOR evolution seems to be independent. These phenomena 
lead us to intention to observe mutual transmission among the rates.  
3. Results and Discussion 
The vector error correction methodology enables us to realise interest rate transmission analysis more 
comprehensively. Our approach is based on several steps. Portmanteau and LM tests allow us to verify 
autocorrelation of residuals. As depicted in Tab. 2, autocorrelation of residuals is not present in our model.   
Another important step is to test stationarity of the data using unit root tests. We have applied two 
approaches: adjusted Dickey-Fuller (ADF) test and Phillips-Perron test. The results are captured in Tab. 3. We 
have chosen level of 1% as a decisive criterion for acceptance or rejection of the alternative hypothesis. 
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Maximal number of lags, i.e. 13 in our case, was calculated according to the Schwert criterion (Schwert, 1989). 
Bandwidth was calculated according to the Newey-West test. 
Tab. 2 Autocorrelation tests results  
Portmanteau test LM test 
Lags Q-Stat Prob. Adj Q-Stat Prob. df LM-Stat Prob 
1  6.932124 NA*  6.981996 NA* NA*  114.7968  0.0000 
2  12.16949 NA*  12.29526 NA* NA*  31.00799  0.1888 
3  18.40391 NA*  18.66621 NA* NA*  25.77710  0.4196 
4  38.13324  0.7559  38.97581  0.7240 45  30.66232  0.2004 
5  51.01788  0.9573  52.33766  0.9433 70  19.12833  0.7909 
6  69.01139  0.9794  71.13685  0.9680 95  19.08912  0.7928 
7  93.41910  0.9655  96.82917  0.9407 120  25.22238  0.4500 
8  114.0917  0.9728  118.7546  0.9458 145  22.16080  0.6264 
9  136.0155  0.9742  142.1847  0.9410 170  24.54947  0.4878 
10  162.2847  0.9578  170.4746  0.8969 195  29.85523  0.2298 
11  177.5697  0.9837  187.0629  0.9478 220  16.24068  0.9075 
12  210.4424  0.9464  223.0174  0.8399 245  33.40242  0.1213 
Tab. 3 Stationarity tests results  
 ADF test Phillips-Perron test 
 level first differences level first differences 
 C, T, L t-stat C, T, L t-stat C, T, B t-stat C, T, B t-stat 
BRIBOR C, T, L=2 -1.878522 C, L=1 -10.449821*** C, T, L=2 -1,93584 C, L=1 -9,630410***
BUBOR C,T,L=1 -2.720760 C,L=0 -8.863232*** C,T,B=2 -2.493315 C,B=9 -8.669706***
EURIBOR C, T, L=1 -2.352762 C, L=0 -6.348231*** C,T,B=9 -2.100501 C,B=4 -6.339982***
PRIBOR C,T,L=13 -3.815866 C,L=12 -3.217328** C,T,B=20 -2.325732 C,B=62 -13.69330***
WIBOR C,T,L=3 -2.066466 C,L=2 -5.411685*** C,T,B=8 -1.710893 C,B=8 -13.69973***
C = constant (intercept), T = trend, L = number of lags, t-stat = t-statistics, B = bandwidth, */**/*** statistical significance at the level of 
10 %/5 %/1 %.  
According to our results, it is obvious that level data are non stationary. This fact is quite natural for 
economic variables such as interbank interest rates. However, application of their first differences has ensured 
their stationarity. Consequently, cointegration analysis can be applied. We have implemented the Johansen 
cointegration trace test. The trace test results led to the formulation of one cointegration equation represented in 
Tab. 4. 
 Cointegration equation confirms the existence of the long term relationship between interbank interest rates. 
Nevertheless, short term euro area impact on the V4 economies expressed by error correction vector Į is 
weaker than long term impact expressed by ȕ.   
 Variance decomposition enables us to observe mutual transmission among rates throughout different 
periods. The approach provides us with information how many percents of the variance of given variable is 
explained by another variable. Variance decomposition results are observed throughout 1, 3, 6 and 12 month 
lags. We have divided our investigation into two parts. Fist part is captured in Tab. 5 and it researches period 
before financial and economic crisis. As the Central European region including the V4 countries was touched 
by the crisis only after 2009, Tab. 5 covers period from 1997 to 2008. 
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Tab. 4 Cointegration equation   
 EURIBOR WIBOR PRIBOR BUBOR BRIBOR C 
 ȕ 
[t-statistics] 
1.000000 
 
0.155699 
[1.91398] 
0.494489 
[3.47599] 
-0.802887 
[-5.05456] 
0.557691 
[4.77652] 
2.789527 
 
Į 
[t-statistics] 
-0.016027 
[-2.20512] 
-0.072065 
[-2.19947] 
-0.071556 
[-1.33408] 
0.108523 
[4.46128] 
-0.335444 
[-4.69983] 
- 
 
Į - error correction vector, ȕ - cointegration vector  
Tab. 5 Variance decomposition of interbank interest rates before crisis (1997-2008)   
 
Variance decomposition of EURIBOR 
EU
R
IB
O
R
 
month EURIBOR WIBOR PRIBOR BUBOR BRIBOR V4 S.E. 
1 100.000 0.000 0.000 0.000 0.000 0.000 0.143 
3 95.944 0.922 0.013 3.088 0.033 4.056 0.367 
6 90.028 2.143 0.007 7.568 0.253 9.971 0.654 
12 85.589 4.583 0.244 9.401 0.183 14.411 1.172 
 Variance decomposition of WIBOR 
W
IB
O
R 
month EURIBOR WIBOR PRIBOR BUBOR BRIBOR V3 S.E. 
1 3.109 96.891 0.000 0.000 0.000 0.000 0.659 
3 19.250 76.003 4.424 0.055 0.268 4.747 1.256 
6 26.846 68.906 2.351 0.227 1.670 4.248 2.240 
12 31.062 63.477 1.248 0.112 4.101 5.461 4.071 
 Variance decomposition of PRIBOR 
PR
IB
O
R 
month EURIBOR WIBOR PRIBOR BUBOR BRIBOR V3 S.E. 
1 0.000 1.481 98.519 0.000 0.000 1.481 1.077 
3 0.099 0.577 97.925 0.398 1.001 1.976 1.840 
6 7.594 0.403 90.739 0.336 0.929 1.668 2.215 
12 16.623 1.508 78.557 0.441 2.871 4.820 2.809 
 Variance decomposition of BUBOR 
BU
BO
R
 
month EURIBOR WIBOR PRIBOR BUBOR BRIBOR V3 S.E. 
1 0.107 0.996 0.978 97.918 0.000 1.974 0.501 
3 4.214 5.050 1.398 88.906 0.433 6.881 1.168 
6 6.110 5.401 3.582 83.456 1.450 10.433 1.743 
12 9.599 4.593 8.008 75.014 2.786 15.387 2.438 
 Variance decomposition of BRIBOR 
BR
IB
O
R
 
month EURIBOR WIBOR PRIBOR BUBOR BRIBOR V3 S.E. 
1 0.070 1.382 10.635 4.784 83.129 16.801 1.186 
3 0.140 8.903 21.923 1.903 67.131 32.729 2.260 
6 0.305 9.205 40.794 1.833 47.863 51.832 2.890 
12 0.240 7.041 57.260 1.380 34.078 65.681 3.992 
S.E. standard error 
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Second part of our research includes period of crisis, i.e. Tab. 6 displays situation from 1997 to 2012. In 
addition, second part of the analysis is without BRIBOR, as Slovakia adopted euro in 2009 and EURIBOR 
became its own referential interbank interest rate. 
In both tables we can observe that impact of other interest rates on a chosen interest rate is increasing in 
time. As for pre-crisis period, WIBOR seems to be quite independent from other V3 rates. V3 rates influence 
WIBOR by less than 5.5%. However, WIBOR is significantly implied by EURIBOR (31.1%). Czech PRIBOR 
is the most independent from the rest V3 rates. After one year, EURIBOR explains approximately 16.6% of 
PRIBOR´s change. Slovak BRIBOR is the most dependent from other rates in the Central European region. 
BRIBOR was very vulnerable to changes in neighbouring countries. As explained previously, it was not quoted 
during the period of Czech currency crisis in 1997. PRIBOR affected BRIBOR by more than 57% in one year 
horizon. Nevertheless, the impact of EURIBOR on BRIBOR variance is negligible.  
 One of our objectives was to compare the pre-crisis situation with the situation including crisis. We wanted 
to find out if crisis reveals previously hidden relationships among interbank interest rates as it was in the case 
of bond interest rates.  
Taking into account effect of crisis (see Tab. 6), the V4 interbank interest rates were much less dependent 
from EURIBOR than before the crisis. While WIBOR, PRIBOR and BUBOR were implied by 31.1%, 16.6% 
or 9.6% respectively by EURIBOR, in the context of crisis they were induced by EURIBOR only by 11.9%, 
1.8% or 10.3% respectively in one year horizon.  
 
Tab. 6 Variance decomposition of interbank interest rates including crisis (1997-2012) 
 
Variance decomposition of EURIBOR 
EU
R
IB
O
R
 
month EURIBOR WIBOR PRIBOR BUBOR V3 S.E. 
1 100.000 0.000 0.000 0.000 0.000 0.127 
3 98.860 0.319 0.084 0.737 1.140 0.336 
6 95.634 0.709 0.696 2.961 4.366 0.607 
12 93.202 1.879 3.460 1.459 6.798 1.059 
 Variance decomposition of WIBOR 
W
IB
O
R 
month EURIBOR WIBOR PRIBOR BUBOR V2 S.E. 
1 1.817 98.183 0.000 0.000 0.000 0.575 
3 10.318 83. 265 6.318 0.099 6.417 1.091 
6 12.126 81.872 5.448 0.554 6.002 1.824 
12 11.889 79.523 2.492 6.096 8.588 2.954 
 Variance decomposition of PRIBOR 
PR
IB
O
R 
month EURIBOR WIBOR PRIBOR BUBOR V2 S.E. 
1 0.001 0.880 99.119 0.000 0.880 0.941 
3 0.051 0.331 99.262 0.356 0.687 1.642 
6 1.026 0.311 98.350 0.313 0.624 2.046 
12 1.842 0.542 95.620 1.996 2.538 2.617 
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 Variance decomposition of BUBOR 
BU
BO
R
 
month EURIBOR WIBOR PRIBOR BUBOR V2 S.E. 
1 0.101 0.974 2.029 96.896 3.003 0.427 
3 7.531 5.867 2.355 84.247 8.222 0.999 
6 9.331 5.601 2.164 82.904 7.765 1.465 
12 10.305 6.566 4.083 80.046 10.649 1.997 
Similar phenomenon as in the bond interest rate market appears in interbank interest rate. Economies and 
their macroeconomic indicators have tendency to converge in the times of prosperity. However, many 
indicators have divergent trends in the period of crisis (Horváth et al., 2013). Our observations are in line with 
these findings. The V4 interbank interest rates are significantly influenced by EURIBOR evolution. Relevant 
investors in financial markets including banking markets, take the European Union as comparatively 
homogeneous region during times of prosperity. Yet, during the crisis, investors and so do interest rates, behave 
rather independently and in respect to actual economic situation in a particular country. Crucial financial 
market players are more attentive to heterogeneities and disparities among countries. This fact influences 
innovative capacity and performance of all countries and especially of those that are in transition (see e.g. 
Szabo, Šoltés, Herman, 2013). The V4 countries were differently affected by the financial and economic crisis 
after 2008. Mainly Poland but also the Czech Republic was little touched by economic recession effects 
(Tkáþová, 2012; Dornean, Iúan, Oanea, 2012). On the other hand, Hungary was marked by the crisis 
significantly, e.g. in the field of its weak exchange rate, high public debt, low economic growth, etc. 
4. Conclusion 
 Interbank interest rates evolution in the V4 countries reflects quite significant level of mutual 
interdependencies. This phenomenon is obvious especially in the pre-crises period. Crises, in general, stress 
differences and particularities among countries. Thus, evolution of economic variables such as interest rates 
differs in a more visible way. Variance decomposition approach detects rather important impact of EURIBOR 
on the V4 interbank interest rates. Effect of exchange rate regimes on interest rate transmission could be very 
interesting. However, the V4 countries applied several different exchange rate regimes during observed period. 
Consequently, impact of a particular regime would not be so evident. Nevertheless, stabilised situation in the 
V4 countries should enable us to perform this research in future.  
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